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$*$ ( $\mathrm{J}\mathrm{i}\mathrm{n}$ Uemura) $**$ ( $\mathrm{M}\mathrm{a}\mathrm{S}\mathrm{a}\mathrm{k}\mathrm{o}$ Sato)
* **
: Angluin $k$-reversible
simple prefix free (SPF) $(l, k)$ -extended reversible













. Kleene $*$ $n$
([9]) ,
, Head [6] , reversible ,







$(\mathrm{M}\mathrm{a}\mathrm{k}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{n}[7])$ , simple prefix free (SPF)
strictly regular
(Tanida&Yokomori[10], Yokomori [13]),
$\text{ }$ SPF $k$-simple regular (Sato&
Sato [8], Watanabe&Sato [11], [12] $)$
Angluin
$\Sigma$ k-reversible , SPF
$(l, k)$-extended reversible $((l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$
) $(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
$(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
Angluin k-reversible , SPF $\Sigma$
$(0, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ $(0, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$
, reversible , $l\geq 1$ , reversible
$(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ , $(\iota, k)-$
$\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ ,
, ($l$ , k)-
2 Extended Reversible –\equiv -r---
$\Sigma$ , $\Sigma^{*}$ ,
$\lambda$ $\Sigma^{+}$ $\Sigma^{*}$
$L_{1},$ $L_{2}$ $L_{1}$ . $L_{2}=$
$\{w_{1}.w_{2}|w_{1}\in L_{1},w_{2}\in L_{2}\}$ $L$
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$n$ $L^{n}$ $L^{+}= \bigcup_{n=1}^{\infty}L^{n}$ ,
$L^{*}=L^{+}\cup\{\lambda\}$ , $S$
$\# S$




21. $W$ $\subseteq$ $\Sigma^{+}$ simple prefix-
free($\mathrm{S}\mathrm{P}\mathrm{F}$ ) , $u_{1},$ $u_{2}\in$
$W$
, SPF $W$ ,
$w\in W^{*}$ , $W$ –
, $w=uv,$ $u\in W^{*}$ , $v\in W^{*}$
$L$ $L\subseteq W^{*}$ , $W$
$W,$ $W’$ SPF
22. $\Sigma$ extended X ,
5 $M=(Q, W, \Delta, Qo, p)$
(1) $Q$ , (2) $W\subseteq\Sigma^{+}$
, (3) $Q_{0}\subseteq Q$ , (4) $F\subseteq Q$
, (5) $\Delta\subseteq Q\mathrm{x}W\cross Q$
$\# Q\mathrm{o}\leq 1$ $q\in Q,$ $u\in W$ ,
$\#\{(q, u,p)\in\Delta|P\in Q\}\leq 1$ , $M$
$\Delta$ $\delta$ : $Q\cross Warrow 2^{Q}$
$\delta$ $\delta^{*}$ : $Q\mathrm{x}W^{*}arrow 2^{Q}$
$\delta^{*}(q, \lambda)=q,$ $\delta^{*}(q,wu)=\delta(\delta^{*}(q, w),$ $u)(q\in$




$L(M)$ , $L(M)$ $W$
extended $W$
,
$W$ $L$ , $\mathrm{P}\mathrm{r}^{W}(L)$
$\mathrm{P}\mathrm{r}^{W}(L)=\{u\in W^{*}|\exists v\in W^{*}s.t. uv\in L\}$




( ) , tail
[1] ,
$W$
23. $L\neq$ $\emptyset$ $W$
$W$ canonical $M_{0}^{W}(L)$ $=$
$(Q, W, \delta, q_{0}, F)$
$Q=\{T_{L}(w)|w\in \mathrm{P}\mathrm{r}^{W}(L)\}$
$q_{0}=\tau_{L}(\lambda, ),$ $F=\{T_{L(w})|w\in L\}$
$\delta(T_{L}(w), u)=T_{L}(wu),$ $w,wu\in \mathrm{P}\mathrm{r}^{W}(L),$ $u\in W$
24. $W$ $L$ , canonical
$M_{0}^{W}(L)$ $L$ $W$
2.5. SPF $W,$ $W’$ ,
$W\preceq W’\Leftrightarrow W\subseteq W^{l}+$
26. SPF $W$ $L$ SPF
, $L\subseteq W^{*}$ , $W’\subset\neq W\text{ },L\not\subset W^{r_{*}}$
$L$ SPF $\mathrm{W}^{L}$
27. (Watanabe [11]) $L$
,w\fallingdotseq
$\mathrm{W}^{L}$ , $W_{\sup}^{L},$ $W_{\inf}^{L}$
, $W_{\sup}^{L}$ $L$ $\Sigma$
28. (Watanabe [11]) $L,$ $L’$
,L $\subseteq L’$ $W_{\inf}^{L}\preceq W_{\inf}^{L’}$
29. $L$ $W\in \mathrm{W}^{L}$
, $L$ $W$ canonical
106
, $L$ , $L$
$W_{\inf}^{L}$ $W_{\sup}^{L}$
$M_{\inf}^{L}$ $M_{\sup}^{L}$ , $L$
$W_{\inf}^{L}$ $W_{\sup}^{L}$ canonical
24, 29 ,





, $|w|^{W}$ $w\in W^{*}$ $W$
, $w=u_{1}u_{2}\cdots u_{n}(u=i\in W)$
, $|w|^{W}=n$ , $W$
$M$ , $\mathrm{P}\mathrm{r}_{l}^{W}(L(M))$
$\mathrm{p}_{\mathrm{r}_{l}^{W}}(M)$ ,
$M=(Q, W, \delta, q0, F)$
$\delta^{*}(q, v)=q$ $v\in W^{+}$ ,
$q$ loop-free
211. $M=(Q, W, \delta, q_{0}, F)$ $W$
$\delta(q_{0}, v)\in Q$ $v\in W^{*}$
, $M$ $M_{v}=$
$(Q_{v}, W_{v}, \delta_{v}, q_{v’ v}F)$
(1) $Q_{v}=\{q\in Q|\exists w\in W^{*}s.t. \delta^{*}(q_{v}, w)\in Q\}$
(2) $W_{v}=\{u\in W|\exists q\in Q_{v}s.t. \delta(q, u)\in Q_{v}\}$
(3) $\delta_{v}(q, u)=q’$
$\Leftrightarrow\delta(q, u)=q’,$ $(q, q’\in Q_{v}, u\in W_{v})$
(4) $F_{v}=Q_{v}\cap F$
212. $l\geq 1$ $W$
$M=(Q, W, \delta, q_{0}, F)$ $l$-tree
, $i<l$ $v\in \mathrm{P}\mathrm{r}_{i}^{W}(M)$
, $\delta(q_{0}, v)$ roop-free
213. $l\geq 1$ $L$ canonical
$M=M_{\inf}(L)$ ,
$W_{\inf}^{L}$ $l$-tree $M’$




$M’$ $L$ $l$-tree canon-
ical
214. $M=(Q, W, \Delta, q_{0}, F)$ ,
$M’=(Q’, Wl, \Delta’, q_{\mathit{0}}, F),$ $W\preceq W’$
$M’$ $M$ $W’$ refined , $u$ $\in$
$W,$ $u$ $=u_{1}u_{2}\cdots u_{n}(uj \in W’)$ , $p,$ $q$ $\in$
$Q,$ $(p, u, q)\in\Delta$ $p,$ $q_{1},$ $\cdots,$ $q_{n-1},$ $q’\in Q’$
$(p, u_{1}, q_{1}),$ ( $q_{1},$ $u_{2,q)}2,$ $\cdots,$ $(q_{n-1}, u_{n}, q)\in\Delta’$
, $L(M)=L(M’)$
22 Extended Zero Reversible $\overline{\equiv}-$
$W$ $M=(Q, W, \delta, Q_{0}, F)$ rever-
sal , $M^{r}=(Q, W, \delta^{r}, F, Qo)$
, $\delta^{r}(p, u)=\{q|p\in\delta(q, u)\},$ $(p\in Q, u\in W)$
$M^{r}$ , $M$
215. $W$ $M=(Q, W, \delta, Q0, F)$
extended zero reversible($\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{Z}\mathrm{R}$ )
, $M$ $M^{r}$
216. $L$ extended zero reversible (extZR
) , $L$ $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\mathrm{R}$
$M$ $M$ $W$
, $L$ $W$ $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\mathrm{R}$ $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\mathrm{R}$
$\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\Re$
, $W=\Sigma$ , $\Sigma$ $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\mathrm{R}$
Angluin [3] zero reversible $\text{ }-$
( $\mathrm{Z}\mathrm{R}$ )
$\mathrm{Z}\mathrm{R}$ N , $\mathrm{Z}\mathrm{R}$ $\Sigma$
$\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\mathrm{R}$ ,
, $\Sigma=\{a, b\}$ $L=$ { $b$, ab} $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\mathrm{R}$
, $\mathrm{Z}\mathrm{R}$ ,
2.17. $\mathrm{Z}\mathrm{J}l\underline{\subset}eXt\mathrm{z}\Re$




$M=(Q, W, \delta, q_{0}, F)$ $W$ ,
$k$ $w\in W^{*}$ $q\in Q$
$k$-leader , $\delta^{r}(w_{W}^{r}, q)\neq\emptyset$
, $w=u_{1}u_{2}\cdots u_{n}(ui\in W)$ ,
$w_{W}^{r}=u_{n}\cdots u_{2}u_{1}$
218. $W$ $M=(Q, W, \delta, q_{0}, F)$
$k$-extended reversible(k-extR )
, 2 $p,.q\in Q$ k-
leader , $p,$ $q$
, $\delta(p, u)\neq\delta(q, u)(u\in W)$
219. $W$ $M=(Q, W, \delta, q_{0}, F)$
$(l, k)$ -extended reversible $((l, k)-\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
) , $v\in \mathrm{p}_{\mathrm{r}_{l}^{W}}(M)$
, $M_{v}$
k-extZR
$(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ $(\iota, k)-$
extended reversible $((l, k)-\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ )
$(l, k)-\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ $(l, k)$ -extlR , extiR $=$
$\bigcup_{l,k}\geq 0(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\Re$
$\mathrm{e}\mathrm{x}\mathrm{t}\Re$ ex-
tended reversible ( $\mathrm{e}\mathrm{x}\mathrm{t}R$ )
$(l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$
, $a^{l+k+1}a^{*}$ , $(l, k+1)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
$(l+1, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ , $(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$
220. $l,$ $k\cdot\geq 0$ ,
$(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\Re\subset,$ $(l+1, k)- \mathrm{e}\mathrm{x}\mathrm{t}\Re$,
$(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\Re\subset\neq(l, k+1)- \mathrm{e}\mathrm{x}\mathrm{t}\Re$ ,
213 , $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ $L$ ,
$l$ $l$-tree canonical
221. $L$ $(l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$
, $L$ $l$-tree canonical
$(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
222. $((l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ )
$L$ ,W $=W_{\inf}^{L}$ $L$ $(l, k)-\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
, $w,$ $u_{1},$ $u_{2},$ $w’,$ $v\in$
$W^{*}$
$|w|^{W}=l,$ $|w’|^{W}=k,$ $wu_{1}w’v,wu2w^{l}v\in L$
$\Rightarrow$ $T_{L}(wu_{1}w’)=TL(wu_{2}w)$’
223. (1) $(0, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ , reversible
(2) $k$-reversible , $(0, k)-$
$\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}\overline{\equiv}-$
224. $l\geq 1,$ $k\geq 0$ reversible












, , $(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
, $L$ , $w_{1},$ $w_{2},$ $\cdots$
$L=\{w_{n}|n\geq 1\}$ $(l, k)$
$L$ $\sigma=w_{1},$ $w_{2},$ $\cdots$ ,
$\sigma[n]=w1,$ $w_{2},$ $\cdots,$ $w_{n}$
$\mathrm{J}A$
$M_{n}$ $\sigma$ $M_{1},$ $M_{2},$ $\cdots$
1 $(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ $M$ ,
$L(M)=L$ , A ,
$L$ $\sigma$ $L$ $L$
, $L$ , $\mathrm{J}A$
,
$\mathrm{J}\mathcal{A}$ , $(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$












$(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ , ,
,
, Angluin [3]
31. $L$ $(l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{z}\mathrm{R}$
$S\subseteq\Sigma^{*}$ $L$ $((l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\Re$ ) characteris-
tic sample ,(1) $S\subseteq L,$ (2) $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{Z}\mathrm{R}$
$L’$ , $S\subseteq L’$ $L\subseteq L’$
32 $(l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$
, $(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}\overline{\equiv}-$ $L$ $(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{z}\Re$
characteristic sample
$M=(Q, W, \delta, q_{0}, F)$ $\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$
$q\in Q$
$\mathrm{p}_{\mathrm{r}\mathrm{e}}(q)$ , $q_{0}$ $q$
Post $(q)$ , $q$ $q_{f}\in F$
$q_{f}\in F$
32. $L$ $(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ $L$ $l$-tree
canonical $M=(Q, W, \delta, q_{0}, F)$
, $W=W_{\inf}^{L}$ $M$ ,
$L$ $S_{L}$
,W $=W_{\inf}^{L}$
$S_{L}= \bigcup_{q\in Q,u\in W\cup\{\lambda\}}\mathrm{P}\mathrm{r}\mathrm{e}(q)\cdot u\cdot \mathrm{p}\mathrm{o}\mathrm{s}\mathrm{t}(\delta(q,u)))$
33. $(l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ $L$ ,
$W_{\inf}^{L}=W_{\inf}S_{\iota}$
34. $L$ $(l, k)- \mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ $S_{L}$
$(l, k)-\mathrm{e}\mathrm{x}\mathrm{t}\mathrm{R}$ characteristic sample
, $(l, k)- \mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ $w_{1},$ $w_{2},$ $\cdots$
,
Algorithm IA
: , $w_{1},$ $w_{2},$ $\cdots$




$M_{0}:=(Q_{0}, W0, \Delta 0, q0, \emptyset)$ ;
repeat
$i:=i+1$ ;
let $M_{i-1}=(Q_{i-1}, W_{i-1}, \Delta i-1, q0, F_{i-}1)$ be the cur-
rent conjecture ;
read the next data $w_{i}$ ;
















(1) UPDATE$(W_{irightarrow 1}, w_{i})$ : $w_{i}$
, SPF $W_{i-1}$ , SPF $W_{i}=$
$W_{\inf}^{W_{-1}\cup \mathrm{t}\}}w\dot$
(2) REFINE$(W_{i}, Mi-1):W_{i-1}\text{ }\sigma)$ k-extR $A^{--}$
$M_{i-1}$ $W_{i}$ refined
$M_{i-1}$
(3) BIND$(M_{i}$-1 $)$ : SPF $W_{i}$ REFINE
, $l$ tree $|v|^{W}=l$
$(M_{i-1})_{v}$ k-extR





(5) CONSTRUCT$(Mi,w_{i}):|w_{i}|^{W}\cdot\geq l$ ,





(1),(2) $,(4)$ , Tanida &Yokomori [10],
Yokomori [13]
, (2),(4)
, Angluin [3] $k$-reversible
SPF
$w_{1},$ $w_{2},$ $\cdots w_{n}$
$M_{n}$
35. $L(M_{n})\subseteq L(M_{n+1})$ , $(n\in N)$
36. IA $n$ , $S_{n}$ $=$
$\{w_{1}, \cdots, w_{n}\}$ $(l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$
$l$-tree canonical
37. $\mathrm{I}\mathrm{A}(S)$ , $O(nm)$
, $m=\# S,$ $n= \max\{|w||w\in S\}$
, :
38. $(l, k)-\mathrm{e}\mathrm{X}\mathrm{t}\mathrm{R}$ ,
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